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(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a semiconductor 
device that has an excellent interface characteristics 
between a silicon substrate and a metal silicate layer. 
SOLUTION: This semiconductor device where an active 
element is formed on a silicon substrate 51 has a metal 
silicate layer 53 that is formed on the silicon substrate 
51, and an electrode layer 54 that is formed on the metal & 
silicon substrate 53. In the metal silicon substrate 53, 
the concentration of the configuration metal is gradually 
reduced from the interface between the electrode and 
metal silicate layers 54 and 53 toward the interface 
between the silicon substrate 51 and the silicate layer 
53. 
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««iWE*«5/U^'f hli©jra*»6IWE5"J3> 

m^v** bmt. 

K^JS-> l J'>-'f hWflS^BIIiiafSCfeW-SR&JR©** 
WTTfeO. ffiEBM^MB&lli'UfM' hi 

to^BfflTWffliEStfiK&JScojBSJ; 0 fcairEv-'J 3 > ^ 
SfiiifE^JR^iJ^'f hli©#fflffliJ-?©ffiEISfiS& 
B©Bg©:£-W5< «fc ^ (ctt^^hr^s 

Z\ t Z¥fWliiT%m#m 1 Xtt 2 (CE«©¥*ft:SH. 

C§I#JI4] ffiE¥*ttSB»«»a«Bh7>3'X? 
SB*. HaE&S^'J^T'f h»ttWEttS^*S!h7> 
3>X*0y-h«BJ*T**Cfc*«M»fcT*B*JBl JO 
Xtt2fcB«©¥J*#BB. 

[W*JS5] ME&B->U$r-f hlti. KAWO. 5n 
mK±4 nm£tTT*«it*i|$tit5lll*SlXtt 
2 KB«©¥ii?{«SB. 

[w*3S6] ^U3>s«±c*jsefb)K*^-r5c: 

BEAMS' Ufr-f hl±©&MB{bJBI£9&«»C|S§S*L 

BEAMS' 'J tM" hi* 8 0 OTCeiTWiagTSSSffl 
eB0¥*ttSBO«a#&. 

[§»#JS8] ->'j3>Sfi±IC->'j3>»{kK$^-r 

-5Xg<b, 

bb->'j 3 >Kft«±»c, bb->u 3 >mitmzK-rz 

MBAMffllXttAMS'U-iM' h*K1>©£MB : F£BES' 50 
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u 3>BflJM»fci*«;StfTBM5''Jir-f bmzMtfi? 
ft. 

[»*«9] BEAMS' 'J ^M* hS+fcgSRfcigA-r* 
$&3£-&tf d t *»»if4ll #ig 6 755 8 ©l>fft*» 

C»*3S10] BBBHM+XttA&BBaHttTeis 

ttXttU— 1 >a>ttlCT->U3>*fi±K 
fi£^S:ff5::<i:lCJ:0. BBS^T-SAMS'iJ •5r-f h 

©Sii^ft. 

t>T. ^fc<<hfcAMftiraB*-&tJ#X£fflWiCV 
DftlcT->'j3>S«±|cggK*ff9C:itcJ;0, g£ 

t**-r**«i/u^-f hji*»i«r*ia*#-r*c 

&*fttt&rS¥**BBOKfi#tfc. 
[M&M12] i/U3>jS«±K:»j«SftfcAJB, ->ij 

©tas-c^saatT, B**B*T*AM5'»jir-f hi 
s»*-r*i8**-rait*«r«fr-5#*#:sa© 
s«^ft. 

[m*mi3] >>U3>ai*±fc»jasftfc*ii. 

*Tt*AMS'iJfr-f h)H*»/$r*l8*#-r5Ct* 

t -r « © h aa**. 

[M*M14] S''J3>*«±K:AMBflsBl*»J«T* 
X8£, 

mEAM£ftK£B*£HA+K:T8 0 OtttT©B* 
-CB»BUTS*4£frrSAM5' l J $"f hl£^J5£T 
Sl8i:&*TSd«tS^afr5¥^ft:SS©»jS* 
ft. 

CB#JS15] S''j3>gfc±lcAJg£fblBI£^fi£-f5 
XSt, 

nE*MBfldtea&B»ejHM-uT£*e£*-rft* 

-f<5¥iSJ#8B©Kji£;&ft. 

[BnaittHftKn] 
Co o o i] 

©Sii^rft. »t*H5'«jy'f H**-r-6¥*#«8 
CO 0 0 2] 

l s i <7)(g,mit • mmmmi. x^-u 

> y»J tc © o t o fcft^xdm h 7 > 'J x ? ©{Sifflfb \z ck 
•3Tit©e>nT#fe. y-h^s^. y-hn©Mos 

xA--rx©&gB#!COHT, ii5^^[S)i:ei^|fi]©^ft«: 
ttfi£±tf 5 C t $ uimz 

CO 0 0 3] C©Xir-'J >yilJlCJ:5i:. 2 0 0 0*P 
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WP$<Z)*t£tt<7)M I S h7>i?x*<n?-ht&&mm\z 

»tTH »fla«*#T2nmS*KT3J«B*Sn*. 
L^L&^e, xU^>gM (S i0 2 Ot) Ttt, w 
£2 nm&TKft:*^ itfiS h >*;P««36tff»T*# 

[0 0 04] f^t, S i 0 2 «fc 9 

[0 0 0 5] *fc, t»Mh7>^*Tft U-jr 

eta:* s, siM^y-hiti 

Rfcli* ffiBB*T»!K dos iSfiioMftttt 

("Electrical properties of hafnium sili 
cate gate dielectrics deposited directly on silico 
n" G.CWilk and R.M.Wallace APPLIED PHYSICS LETTER 
S VOLUME 74, NUMBER 19, p2854-2856, MAY 1999) . 
[0 0 0 6] COiifeAMS/Uy-f Mite, X/ty* 

[0 0 0 7] £nS<D¥fc-rtt, ^iy 

£o SS^iR«**»*fc«)JcH % S i0 2 WW 

[0 0 0 8] Sfc, ^n^O^ffiTte, S i Mi^I 

[0 0 0 9] 

-U>yfli]£«fc-rfc«>, S i0 2 «fcDt>««*j&tB5n 

iMi^Ii/UH hB£©ffl<B#ffi*$it#«{tT* 
iH5HB***ofc. 

[0 0 10] *f89ltt, ±Eft*<&HB*#ft-f 
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[0 0 11] 

BC£t>T. 9&E¥S#gBfc, BB^U3>»«±K: 
**Sftfc*«'>Uir-f Hi, ffiE&JgvU^ KB 
±fc#£Sttfc«KB£*BA, MIB^jgvUy-f hB 

-f hBiO»ffi*e>8JES/Un>*«tflHE*B'>U^r 

[00 12] y'Jn 
^fi^tBft^^ritSnT&S^^SBJC*^ 

r, me¥«#SB»« Baffin u 3 >aMR±c**sn 

•flE<k0feBE5/U3>*«^ME*B>'U^ hB£ 
Offffi«T?©MfE«**B©BS<0^iS<&<& e k5lC 
«*S*lTV^^i:*4*«^-r*.(¥»*«BB) . 
[0 0 13] ¥W#SBA#W*BK*5(,vt\ ffiE&B 
y'J^hM^i^Zr (SWnnS/O % Hf 

B^*SttZ rXIJH f WJIK 
[0 0 14] *1#81A4^UBI:*^T, ffifi&H 
y'JHhi(?)MWZr, HfXIlLaTM* 
W *<Dfc«5/'J*--f K©fc¥*»BriSfi, Z r S i O 
4 , H f S i O4 , L a 2 S i O5 S3 
IBily'JH hB^<&«^&Jg<Dig£j^ Z r S i 
O4 &tfH f S i 04 Tttttl 7S^— t>hKT, 
La 2 S i O5 Tft2 fe>herF£&3<fc"5 

EABS/Uir>f SBtt, ^«^)B^fig^7IS^- 
t>b&Ttt*Z±?\zmj&2ftT^ZZttiW*L 
K *E'>U3>*«i:BE*B->U^ HB 

£<&#®T<7>R«/&&JBtf>g£# LB^/t— fe> h£TF 

[0 0 15] ¥»#8BA*^ttBK:*5ViT, fJE£JS 

[0 0 16] **»MA«iiUBi:isi>T. ME*W 
*Sittt»S»*I h 7 Stit, MEMS' D 
y< hBttH9E«»»«SI-7>vX^©y--h«ttM 

[0 0 17] *aH*KBArtt»ttBJC*5^T, ffifi&B 
y'JHhitl M/P#0. 5 nm&±4 nm&TTfc 
50 5ut««ffSLK 
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[0 0 18] *»WtdR**««:»|l©«jg*fett. -> 
U3>««±K:ftJR«fla)l*»iaE-r«ctK:J:-3T. At 

BBfcR*a*?«fc»£UTBEBB5' l Jir-r hB*J£ 

[0 0 19] «J6*tSAfc:*^T, me*BftfcM&B 

-y *ffi£ffl ^Tff t>tlZ> Z tifitif * L 
[0 0 2 0] «Jfi*ttAte*^T. BE&BBftKtt# 70 

BBfcttt&BS'iJ^-'f Ml ^©X-y^^jigliSri: 

[0 0 2 1] Kjfi^ftAC*3^T» ^KSIaiaUA^S 

[0 0 2 2] BBjSrteAfcislvr. BEBBBftJKtB 
^Wtc»3c-r*IS®», WEBBS' Uir-f hBlcBfi 

Bi&£BiH-s:]:a£s starts cita*, a&£±tf 

[0 0 2 3] SSjgyjSjAtCiJt^T. H9fE->U3>SS± 
KBEBBBftBte^fifc-TSBK:, S)gif^S:fllWT5 

[0 0 2 4] £fc, *»fHC^5¥^SB©«ii»J* 

•y-f HR4 l ©^)S®^S:HtlE->Un>gS{bM'tlct£*$ 
#T4K->'Jdr-f M€*jS-r« (iOffSKIl ft 

cfeas* his -a) latsw-r-sct*^ 

[0 0 2 5] KigyjfeAgfcWiBtC&^T, BE&B-> 
[0026] fcfc. HigyjftARtfBW:, 5fc©¥gftg 

BAKtfB£f#3fcfe»§J£;£telcMLfcfc©-?$>.5. 
[0 0 2 7] Sfc. *%Wlcft«¥«#SB0SjB^i£ 

mmZ-fv hftfflUfcBBtt. XA-y^ftXtiU- 
•tf-7^U— >a >te(CT->'J n >£«±K:«KSfr'5 

sia£ : rrsc:££ft&i:Ts (ijig^c) „ 

[0 0 2 8] Sfc, *feMC«4^*#«B©«ji*ft 50 
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< t *> ^JS&t«^2:^tr^X ^fc C V D ffilCT -> 

4B->'J4r-f h!£JB«T£I8&*rrs 

(SjgyjffiD) . 
[0 0 2 9] fijS^rteC^^ttDCfe^T, WES^S: 

8 0 OtKTOBBTTJIMMrr*. Bt>ttB&ftB«R 

[0 0 3 0] *fSWt«*¥»fl:SB©Sjt^ffi 

Sfc^trB (MSiNj K. Mti^STC^) £B3t3?ffl 
Bf»fcT8 0 0T:«T©a*-CB»aLT. S^S:^* 

t**bs'U4m' M*»B-r*ia**r«c:it» 

©if* (H£#£E) . 

[0 0 3 1] *£n£ffS¥Btt£B0B£#& 

sS§S:£tfB (MS i N x K. Mte&B5ci(S) (CBSB* 
*BBl/T, gt^ft5^iyUHHSMt 

5iaftwr4Jit*i»Bfr4 (SityjSF) . 

[0 0 3 2] SjfiyjSsEgWiFKtitvr. *St->'J 

[0 0 3 3] *fc. *£!il]£*£¥B*£B©B£#& 
E^JHS{bM^^li:fflm't'lCT8 0 0-C^TwiagT 

iat**rrse:t*»Bfr* (i?j§7j&G) . 

[0 0 3 4] *S!W(C«S¥a*gB©BjS7jS 
tt, '>'j3>**±K:BBaflJH*»rtf«lB4:. ffi 
EBBJMURCB&BBtBBLTBBBBffTftBM 
vU^r-f hBSr^jai-SiatSWfSriSWfBtr 
« (KSyjffiH) . 

[0 0 3 5] Kjfi*ftA~H(C*^T, 8trE^B->U^r 
-T hB©B^Btt. Zr. HfXttLatafeSCt!)! 

[0 0 3 6] KiiyjffiA~HtC*l»T. BE^JR^U^r 
-ThBtt. «^S4*h7>> ! y;^©y-h*g^T*.5 

[0 0 3 7] 

[»W©*a©«B] BIT, *f?W©Ha^B*Bffi* 

[0 0 3 8] (B1IBB1) ^JSBftlb^S i»ffi±C 
fiE^-r-St. ^JUxiJ^r-f h («Ba) B^S iSffit 

U^r-fSHttt. *)ltte*B5'U4r'f hfr&ftSfee 

^IRv'jy-f htt-SSSlT-, M, SiO 
4-<5 (M : ^MtC^. 0<x^1. 0. 3^fi^4) T? 
^$n^„ fcfc'L. 4B5cB**La©a^tt. La,S 
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10 5 -6 (0<x<2, 4^<5^5) TSl^nSo *3£ 

[0 0 3 9] Bill U— tf-7^U—>a>ffifCJ:0 
S i8«l±[CZ r0 2 «2£»j£Lfc£#<B»rffiHT 

[0 0 4 0] SI fd^l-i; 5 fc % SilSlilCZrO 
2M2£riarr*£, Hl;Zr>''JMM3« 

0, Z r y'J^ h^iftlTZ r y'J^ M^M 
(-12) i0t»a^c<!:^ofc. fiftG& 
Iv'JH MH ttflWO. 5nmH±4nmKTr 
fcSCfaWMSbH. S6l:a*L<H lnmJ^_k3 
nm^TT^S, Z ry'J^ h!3tS iSfi 

[0 0 4 1] *ffii§Jje>«, :0Zr5/«J^H 

3*y-Mft«RtLTPJfflT«fc*K:, HF*«ffl 20 
^T±H©Z r 0 2 l2^X7f>^ut^ 

[0 0 4 2] H2lt £0fttt£HF»}8£ffi^TXy 
?>{fhttRto* Z r0 2 «2£#ffifc»£;£ftfcZ r 
vU^r-T h«3C0Xu/5 1 >^U- K£BI'*£BT**. 

[0 0 4 3] IMZr0 2 R2*4 5 OTCT^MUfc 

*. Xy^>yRpffll 5 0»£tfl9ttZ r0 2 IR2 

y | JMM3^X75 1 >yiT^T^, Zr a? 
0 2 i2^IM^4 5 0t^I^, ZrO 2 l20 
l7^>yi/-h«120pm/sec, j£Ka£«<3 
5OT:0i§£, 2 0 0 pm/secttt)fc, ZrvU 
^ hH3<OX^5 L >^U-htt, ^fft(Ot&t,2p 
m/ sec T$>ofc 0 
[0 0 4 4] CW^f:Zr0 2 l2iZryUMh 

frofc. Z r0 2 Bt2<0ffi|JP, J«Kfi«£**&*£ 

ftffilCJBritSttfcZ r S/U^r-f H3©Xyf>^ 
U~ h *^«L»^jB< £ ttft)fr-Dfz* 40 
[0 0 4 5] :mt Z r0 2 K2<fc#ffiK*riE3nfc 
Z r vU^r< ha3£TttXy^>yix-Mc*#fcil 
Z r y'JH h®^X-/5 L >^(CcfcoTS#?W 

TZrfc|RS1\ Hf^La^ ffffifc^U *-f 

[0 0 4 6] c<D<kou^mm%:\zm-3^T, *%w-c ^ 
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rau s i»«±K:Ail«fl:lB*»riEr*ci:K:±o % s 
U ^O^&JSi/ijy^ ha±CD&JSRfcffit£x^> 

ar*. 

[0 0 4 7] ^ly'JM Sattig»trf»fflS* 

i~§<hs io 2 fcr*fc«e>, aa^u*-^ 

tc, fiaT«>^aiBittAK:an«ajeaa«aKnK:a 

ttlctt, 8 0 0tKT«MI^^«5^T^M 

[0 0 4 8] SSlC, KR**fcS£Sf*fc»K:, £ 

x Si0 4 ^N z (M:^«S*, 0<x^l. 0, 3 
^(5^4, O^z^l) 5:Mtl»C<hfefffl^§, 
fzfzL, ^Stc^L a<0*&n La x SiOs-^N 
z (0<x<2, 4^(5^5, O^z^l) d 

n s*-r*£n s i o 2 fbsfimrsfc* 

So S i 0 2 fc£JfllfWLr>:3, S'liy-f MBfcaa*» 
ASttSKm 4iy'JH hK&ga&Hflif'Tafl; 

yUn>atfS**^trR (MS iN x 

s i n x a*«»Taft-r-5*tt3w#fflT*-5. 

[0 0 4 9] H3tt. *»Wk:J:Dff*Lfc«#«i«h 

[0 0 5 0] HSfc^TckSK* plyij3>S«5 1 
+ IItt*^»a««5 2«$nT^I». Z\<DvMi/ 
'J3>iS5l±l:H iiy'JH h*6ft*y-h 
ffi»M5 3 3»«»rt*hT^*. -^y- b*fc^dg|5 3(7) 

[0051] f-bmmms 3±ichu *us^u3>* 

s. y-h«as 4fttfy-h««R5 3v>m®\z\z, 
y-h&m («^tfcvD->ua>afti&a 5 6# 

[0052] c©a#a»h5>s;x*±K:tt, ante 

UT> y-h*«5 4*<tOCy-x • HH>M5 5 
IC A 1 8 tfittM&ilTK*. 

[0 0 5 3] (*a»ai-l) H4«#ffiL 
T, ®3lC^LfcM I S b7>zSX9<DMmjjm%mW 
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[0 0 5 4] £?\ 04 (a) (C^-T^K, B^ffi 
(100) > itjag[4-6QcmC0p^vUa>Ste5 

#<Z)$£^f£-f£o l^^T, 0fJ;U£LP-TEOSBI£ 

[0 0 5 5] 04 (b) tC^-Tcfc^Jc, If- 

7^Kya>«^ffl^T, «*.fd»*»BE 1 0 P 
a<0»B»+, «|Rfift3 5 mms 0nm(OZ 

rlf, ^^S^^^tTZ r0 2 K (^Jliffifb^K) 5 
9^S iSS5 l±iCfi£K*r^o l^-if-7^U—>3 

[0 0 5 6] COt*, Z r0 2 MS 9*&®&Z>£W\ 
V$\Zs S i Sfi 5 1 t Z r O2 R 5 9 ^©SllcttZ r 

5 3H ^(O^TZr, 0> S i &7C*at-h#fcx* 

JS**TU &mW>fc<, iU^ScDZ ry'J *r<1 hM 5 

H^*^W, iB«)a:S«[AliR»«Bft<ftQ. Zry 
'JMhI5 3^Si0 2 ftWJ-r^, Zry'JH 

«5 l_tfcZ r 0 2 I5 9«if^(i:t, S)&KiSi£ 

[0 0 5 7] Z<DXmT\ yUn>lS5 1^Zr0 2 
K5 9 COPTIC, Si, ZrWii^llMnz 
ry"JHh|53^0. 5-4nmM^n§, 

[0 0 5 8] 04 (c) fciftt\fc5K:. jfg2% 

OftHFjgftSfflW 1 0 0»i«^Xy hX 7 f>^ 
t5tZ r0 2 15 9«Xyf>^tl, Zry 
Vir-I bM 5 3 <D frfAMRmz&Z, C<DttXy^> 

vmmfiz rs/uwus 3ttai:M'>t§(DT, 

X >y ^ > yPSIHW 1 - 3 WgSg <^TfeZry'jy 

-f n«5 9<oMfftt*#&*ftdt&<, mmzft-omm 

OfflW&<S:<&R&Z r y'JH hi 5 3 £>*£SiRW 
[0 0 5 9] *fC, 04 (d) K7Kt\fc5lc:> Iyf> 

^ic<toTS$nfcz r >u^--r h@ 5 3 \zm&&mm 

6 0tC«fc^T®)g^^^^l*-r^o CCOcfcpIC, Xy^ 



(6) #12 0 0 1 - 3 3 2 5 4 7 

10 

5 3£Si0 2 ftSWc, &Qm*<DXM%m'J>2i* 

[0 0 6 0] £<2*fiB£M'>£i*£Kte, ffl&fcfttXS 
i^T8 0 0W«I^^l 5#«T<D««F 

[0 0 6 1] 0 3i;^tJ:3{:, fb*»«jsjtfift 

n >1K*/X^-- >y bxy- h*JS 5 4 

tt^T, 0HA«4 5O , C, OlPa-10 5 Pafc* 

2i£#X£ffl^T* Mia5nm-2 0 0nmOCVD 
v U n >g{b§l^ ^^sy- hftfi 5 6 
[0 0 6 2] Wi«Ig«, ilSTOM I S h7>yX^ 

OkeV, H-Xft 1 x 1 0 15 cm- 2 "eflt^cD-r^>a 

scvD^U3>sftiK$itsu, z.ommm&ms7 

^ T£ffifcA ljR*Jftf|U c^A lffil^jStfM'^vx 
v*>#\Z£~DTn$-->>f\sT. AlgEi&5 8£^ 

[0 0 6 3] (£*#«l-2) &\Z, mSZ&ML 

[0 0 6 4] 05 (a) fC^T^lC, ffi^ft 

(100) , tkffitfl[4-6Qcm©pa2/Un>atR5 
l±fc, RfKtt'frfr^Xy^ycjcD, X^BKOfc 
g>£>iPt£j£j$?-3 0 Jtt^T, «7t«LP-TEOSM€ 

[0 0 6 5] 05 (b) {C^I-ct^tC, S i££ 

5 1 «K»9Hft4>TAiiR, box (mmmt) . &l 

<teCVDlCJ;oT, S iSS±tCS i 0 2 M6 2^^ 

[0 0 6 6] 0 5 (c) tC^Tcfc^^, «^tfZ 

r*JR*-y* Hfcfflt,>T. fl^iaWBn?. S iO z 
M62±(C, S i 0 2 &*\Zj$tfZ®mmft&>±<D&<D 

[0 0 6 7] 05 (d) \Znk-r&5\Z> «Atf, 

X^T5 0 0-8 0 OlC<0tojRtCcfcoT&KK6 3* 
O^Mtc^^S i 0 2 K6 2*\Z&mZ J £Z>XMZfi 
t\ yU3>I«5 l±tOfe<i:'b^JSv'J^-< h@ 
5 3£^i£-f£. ZZTte&mTtmtLXZ r&m^ 
tzo &mm6 3*P\ZU. S i0 2 K+CfetfSH»IB# 

5^ +5>ICS i 0 2 K6 2*^W^it^C<h^T*, 
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•©s^ib^ u 4r>r hji 53 &mm<o 

[0 0 6 8] fr\Z, m3\Z7K?£o\Z. fc¥4MBd«& 

\z&<oT#vi/i)u>mz±m\zmmi>, cotfuvu 

JK^T, 4 5 Or, EE* 1 P a- 1 O 5 P afc* 

(^T, g^XT^lfeS i H 4 #X<hNH 3 #X<D 
g£#X£ffl^T, #]*.tf5 nm-2 0 0 nm<£CVD 

v u n >mtm& *> & % y- h ms 5 6 £ » jst * . 

[0 0 6 9] l^g^Igii, 5I3tOM I S b^>>>X* 

OkeV, F-Xilxio 15 cm" 2 tt$^t>a 
A£fT<^ 7-X- HK>M5 5^Mn o 

SCVD'>U3>iftK«**U u^)If B 1ffi&l5 7 

T£ffiKA lR£i#«U £<&A IK >x 
y^>^fc£oTA'*-x>^LT, Alffiig!5 8£^ 

[0 0 7 0] ±»LfcW (04, H5Tft9ILfc 

M) fcfcHT. ^Iy'JHM53^M$tlfci 

J15 3^s i 0 2 fbT*<0£K^O, Sl^cO^RS^fi 
£U KKMSfcS£8TS3. SPfcfc«fcoTf»Sftfc 
^MfmtSMyU^ M5 3H «M*±.fc 

[0 0 7 1] (HJS^ggl -3) H6*#flBL 
T, i3l:ifMI S h7>z?X?0m<D&fe%tik\Z-D 

[0 0 7 2] £t\ 06 (a) K^T^K, 
(100) , Jt»tft4-6Qcm©pa!S/U3>a«5 

&<Dmz&f&-rz>o m*x* «a«lp-teosi* 
mib&tsz. tic j: 0 «?5Mim 5 2 *»«-r«. 

[0 0 7 3] 0 6 (b) \Z^-T^^\Z. yU3> 

SS51M^10Pa-10 5 P a©g*#X»B» 

T, WAtfZ rgfiafty>j3>^ft< tfe^g 
S i Nj&>&ft**-y y KlCU-lf-JfcftBltLT, > 
U3>Si5 1±(:M<<ht)Zrlf, BSB^fc^ 
WT^ffiiSK6 4^««T^ 0 l/-f-77'l/-y3 > 

[0 0 7 4] &lc, 0 6 ( c ) [i^TJ: 5 Jc, 
^tiir?£^03 0 ot;-8 0 orogafucraux, 4> 
&<£:t>Z rJjSH=\ SfRH^FXtfS i B^S^TT* 16 
««6 4*k:B#IB^*WALfcy-MBWB5 3 (g 
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[0 0 7 5] jfcfc, 03(^fi:3(C> ft^SffiJftfttt 

«^T, B*tf4 5 01C, E^lPa-10 5 PalC* 
^T, S*#XT#RUfcS iH 4 #X£NH 3 #X<£> 
fi£#X*ffll>T\ B;Ui 5 nm-2 0 0 nm^CVD 

s/u 3 >SMURa>sfc*y- h«i 5 6 mn, 

[0 0 7 6] M^IiH, IfOMI S b9>&7>9 

OkeV, F-XBl x 1 o 15 cm- 2 Tat^^-r^>a 
r, <k¥%mf&&m\z&?T£m\zmm&»ms 7 til 

*CVDS/U3>*fcK*it*U C(Di^f6gl5 7 
K=i>$rjr HFLtBPT*. fc^T. A/^ry^ffiJC<to 
T£ffifcA 1B£J#8[U ei(7)A 1 B&EfStt'f^x 
y^>ytCctoT;^-->yLT, AlEi8l5 8£^ 

[0 0 7 7] (SlJSS^ffi 1-4) *fc, i7ML 
*0 T, B3fc*TMI S h7>zSX*<Dm<D&mjjfc&m 

[0 0 7 8] 07 (a) tC^f^lC, 

(100) , ttttR4-6QcmOpIyU3>ifi5 

»Oj»«r»«-r*. «^T, BAttLP-TEOSIIt* 
Z t \Z «k 0 »?#ftB* 5 2 ^^^T^o 
[0 0 7 9] fr\Z, 07 (b) fc*1\fc<5fc, «A«C 
VDffiKcfcoT, ^M»gfe^)2 r C 1 4 #X 
<hNH 3 «X^)i^, t>L<ttZ r (SO4 ) 2 # 
30 XtNHz XZ<DM$Xxm<D, Zr^tMXi 
gS££fr7>*X7;tfX£, ^J^.^l-10 5 Pa<£ 
EE*, 1 - 1 0 0 0 s c c m(D^tmX\ ^tl^n^SfC 

o oroiaffitsHtc 

*R«S i (ZrSiN x I) 6 5 ^it^T 

So 

[0 0 8 0] 07 (c) tc^-Ti;^^, zomwi 

&s m^&2 o 010-8 o owmmummmTz&ts 
nmmzmLx. ^>u<thz r, ^mrus \ 
40 ?z>m6 s*\z&mm?$:mA-rzz£\z<k-DT, &m 

[0 0 8 1] mz, 0 3tc*T£?i;:, ffc*ftffl«fiffi 
^ - >y try- 5 4 

«HT, flA«4 5 Ot, E^lPa-10 5 PatC*> 
^T, ^^^XT$iKLfcS iH 4 ^tNH 3 ti7s<D 
U%15X*m\,\Ts ^5nm-2OOnm0CVD 

so '>U3>s{kK^e»^sy«-MsjS5 6t»i8-r*. 
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[0 0 8 2] &'&<DXm\t. IftOMI S h7>yX^ 
OkeV, F-Xilxi0 15 cm- 2 T8t^t>a 

*CVD5/U3>»ftRS*«l, C0Jim««R5 7 

[0 0 8 3] BLh, *»W©VKO*©«JBJ5rtttiRL 

[0 0 8 4] «*tf % a*SH$^*t>tiflffi£X«»B 
»Lfc*<S, ftJKR*ti**BFP*Sir*-yy h (ft 

%*&wm&&m&mtttL&ifip>* ftju(?&iftsiK 

ft«ftit«*-ti:fc«fc. 8 0 O^KTaaatfXJSHSa 

[0 0 8 5] ±jfiUfc*^*»«0*j£tt % 
v>y— h (damascene gate) SL<ttfiSiy— h (re 
placement gate) h 7 >yX^^DtX©y- hfiftR 
Kjgffl-f * £ t hGZhr&Zo 

[0 0 8 6] KAtf, M^Ti/>y-hh7>^^ 
*»JGKU&«, TEOS(Dm CMPfCJ:^PIg^ff 

[0 0 8 7] ±5SLfc**JS»IB©^ffiS:ffl^T, 

BlCftMfldtftJtWU S iSffi<h(7)^®lC^^^n 
SftSvU^r-f hH*y-h»«K£LTJBV**C££ 
J:0, ^gy'J^ hH0)atff«ftJimfbMOjRjP(Ctt 

[0 0 8 8] (Hffi^S82) U-1f-77l>->> 

h\z. s \m&£&mffitm£<Dftm\z&m>>v j !r<i h 
mzm&Ltzmsiz^T. f£tf£ftfctw<&#*re* 

SBlWrs. JMfrWKWu TEM£J;-3T»rffi«!K£fT 
o££fcJc. EDX»*r*frofc. 
[0 0 8 9] 08H Si X«±ICZ r 0 2 tt (ftKK 
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ftR) *»*bfcK»OWriSTEM9KT**. ZrO 
2 «tS i*«o*Blk: % Zry'JHhl (5HSS/U 
^--f hi : interfacial Zr silicate) #)gJft3ftT<r> 

[0 0 9 0] 09te> My'JMM^iMd^S i 

[0 0 9 1] B9fc*f MvUMhKOi 
IB*6S iiffiC»7T (ft**ljfc&*A*6fc:|flJ 

[0 0 9 2] C C^iz^C LTf#bnAc#Sv'U 

SS^t, Z r - S i g&^tt ^ Z r y ij F^fiK 

[0 0 9 3] Sfc % ftltftlltLTitOZrO 
x (x-2) SffltiS*^, H9©»|*j|e«^6t)to^ 
*<fc3£, Z r ->U^-f bm<D/V^7m^<DZ r»g« 
7Kg&a*g*£fcS. RS^ttS 10 2 <fc 

Qbftft*%< (e = 7-8gs) , sfcy-*«Ftt<B 

*fct>*i;ttir». Ifo&^T, Z r S/U^r-f hl<BA;i/ 
W ?««f:*MZ ri«0**«««7X*^tt7XaT 

[0 0 9 4] B10 (a) tt, > 3 > 

Sfcffil&TZ r0 2 »y'JM hl£ffi& 

Itttffll^, Au/MyiJWH (Zry'jy 
-f hi) /S i $iS<AM I S + vAv^fCO^T, t<D 
C-V«Ftt*SI£bfc»**^LfcfeO!)-C**. 010 

(b) », 010 (a) lr>f hJitHgg© 

Z ri«*St**-yy hfcffi^TriWLfc, Au/ 
«*i6fc:<fc*Z rv'JH hl/S i^iS^MI 

[0095] &m®mtmmfrt>M,mb*otiitmnm 

te> P#&Ke =7-8<hl^Sa"e*0, SiO 2 ci:0 

UTtt. 010 (b) (Dit«(i*JCJ;-5Z r ->Uir-f hi 
*ffl^fc*^AS/^©^fttgA/Tt^<Z)ti*U, 010 
(a) <D%T?\*^<nmt$:mZ&*>nT&t>'f. 

[0 0 9 6] &±(DJ:?\z, Z rWUmtS i <hcD^® 
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SWTS Z r yU^ hg£ffl^£ (BU© 
Z r vU^r< h^(7)T»ffliJ#®TOZ 
rfigd^iWlT^Z r jR«<fcO fcfi^Z ry'J^ 
<H*ffl^) CtKJcO, Zry'JHMtSi 
*tRt©*ffiTttZ r «SjWE^fc»fcfiff&#ffi»tt 

Z r i/'JH NJio/W 

^wrnaz r m&&M^ittb\z&mnmik*mf8.?z 
£t&-cz* «tifc»ttft*r-r4Mi ss«»»«h7 

[0 0 9 7] ft*, Z rWftfeOfcH f gfcWSL a*ffl 
^TUK «M£H f ttZ r i|3«©ttI«SLT^5 

tt^«»lllT*LfcH3<Z)*jfi < i:ra«tr*r), 

[0 0 9 9] 04 (a) Citcfc^ll, ffl^fe 

(100) , itfift4-6Qcm^pIy'j3>ifi5 
1±\Z, E*fiM'*>x^>yK: < fcD. m^ttm<Dtz 

m®&tsz. t \z£ o m?#mfe® 5 2 

[0 10 0] #lc, 04 (b) -tP— 
ryiz-ya^lS^ffl^T, «Afcf»*#E»10 
Pa^)§ig+, S*SS3 0 0-6 0 0t:fc*^T, 

mmi o nmnz ro 2 m (&mmm) 5 9£sig 

[0 10 1] Z r 0 2 it 5 9(7)^Mi:|^P$JC, S i £« 
51iZr0 2 l5 9t©»a5Httff$2-3 nrnSS 
(OZryiJHhl53«mo uOj;^l:lT 
M$n§Zry'J^h|5 3H «fiERf»3Z r, O 

tlSZry'JMhi53H SiSfiSliCSL 
Z rOz 85 9«CZ r^<Sat5fc»» Z r *gJS 

[0 10 2] Z r0 2 ffi£5 9%f&m-?Z>$!UZ®m 

wtrnzmtt-tzztizj:*). s iissiToi^ 
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[0 10 3] #cfc, 04 (c) fcSTctiK:, *I&2% 
©#HF*«*ffl^Tl 0 O&fS&^Xy hXyf>^ 
Zftot. Zr0 2 l5 9fiX7f>^n, ZryU 

m usaowmtttai. x-/^> 

#mm&Z ry'JH M5 3tM^>n^ 
X^^>^r«Wl-3fJSSfi:<ftoTfeZ ryij^r 
-f hS5 3<D&JP£*#fc£ffcfc*fc<, «a^t5KiPM 
fflH4J:<, JMfftZrS/Uir-f 5 3 <7)^*S«?WtC 

[0 10 4] &\Z. 04 (d) \Zt*?&5\Z, JLyT> 
^l:<toTS$teZryU^M5 3l:*flT, B 

[0 10 5] H3K:*r±5fc:, 

n >K/^-z>yixy- ha® 5 4 SJBjBjtf*. 
IBI^T. W*.«4 5 0"C, JE^J 1 P a- 1 0 5 P atC* 
t>T, S*^T#RLfcS iH 4 #X<£:NH3 
^ ?g£#X£fflHT> «*Ji5 nm-2 0 0 nmCDCVD 

> u n >a{k«^ ^ a * y- h fljfi 5 6 * . 

[0 10 6] H»OIgtt % ii^OM I S h7>yX^ 

©imxetHttT**. T&fc^ #]*-ffijn>§mffi2 

OkeV, H-XIlxl0 15 cm" 2 Tti^^>a 

*CVDS/U3>»fcR*Jftf*U ^(OJ||ll»B«R5 7 

ttllCA lR««ll t Z.<DA l«*RjStt'f*;/X 
30 yf>moT/W-->yit, A1E«586» 
/£T£„ 

[0 10 7] fcfc, **«*IB*C*tiT, «*Mflfi££# 

-f vmw&mz. &m-t*>z&mi'V / r^ hm*\z& 

[0 10 8] *$JKJBffitt, XlO^MSl^R 

y 7 y >y- h f L< h h 7 > y X ^ y 

[0109] et±, Mn^n«i«Rniit^ * 

50 [0110] 
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WutTM I S h7>>?X*©ttffi*|B]±S-fr3££ 

[Si] *aH®Rtt«R£ftQ, vUn>a«±K& 

[0 2] *56W^tt*llfc«RQ, &JMNbR£«JR>' 

[03] *J8fl©*lS»Bl:«SMI S h7>yX^© 

[04] *56WOififll:«SM I S h57>vX*CD 
S«XS<0-«**LfcXg»rffiB. 
[0 5] *»W^JSJgfi|^«SMI S Yv>*?7s9<n 

[06] *«WO^JS*l8lc«SM I S h7>vX^O 
Hifixa«)ffi©«**LfcxaBfDBH. 
[0 7] *^^WI(ig^MISh7>yX^0 

[0 8] '>U3>i8±l:ft 

[01] 




law swwn 
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[09] BSfcSL&itttKtniT* *HS/U*-< H 
+ ©Z r»«**bfcB. 

[010] *5BWK:<fcoT#eftfcM I S*WV>*<7> 
C-V»ttfta*tt«i»ttLT*LfcH. 

[ft*l<&&9i] 

1- yUn>Sfi 

2- ZrOji (£Jggtffc$t) 

5 1— >U=3>*« 
/* 5 2-»*^#«ffi« 

5 3~y-MSRR ttBy'J^M) 
5 («U) 
5 • FK>W 

5 8 -A 1 BR 

5 9-Z rOj R (&Mi|{fcJSI) 

6 O-RRRBR 

6 2-S i 0 2 R (y'J3>iffl) 
W 6 3-*RRXtt4R->U*>f KR 

64-ZrEf, RRR?««*-r«ttllR 

6 5-aib^3-»>AR, XttZr, S*Stfy>j3 



[02] 
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T-Y3-K (##> 



S 
Z 
B 

3 0 1 G 



»^iii^;n^m^K/jN^i^2Bi i 



F^-A(##) 4K029 AA06 BA52 BB02 BC05 BD01 
CA01 CA05.DB05 DB20 FA01 
GA01 

4K030 AA03 AA13 BA38 BB12 CA04 
DA02 DA09 LA02 

5F040 DAI 9 DC01 EC07 ED03 EK05 
FA07 FC22 

5F058 BA20 BC03 BC11 BC20 BD01 
BD05 BD09 BD18 BF02 BF17 
BF22 BF24 BF29 BF40 BH03 
BH04 BH16 BJ01 BJ10 

5F103 AA01 AA08 DD30 LL08 PP03 
RR05 



